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What GAO Found

Automated trucks, including self-driving trucks, are being developed for long-haul
trucking operations, but widespread commercial deployment is likely years or
decades away, according to stakeholders. Most technology developers said they
were developing trucks that can travel without drivers for part of a route, and
some stakeholders said such trucks may become available within 5 to 10 years.
Various technologies, including sensors and cameras, could help guide a truck
capable of driving itself (see figure). However, the adoption of this technology
depends on factors such as technological limitations and public acceptance.

Examples of Automated Vehicle Technologies for Commercial Trucks
LIDAR (Light Detection and Ranging) Sensors —
Use pulses of light to measure distances i )
\
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Stakeholders GAO interviewed predicted two main scenarios for how the
adoption of automated trucks could affect the trucking workforce, which varied
depending on the future role of drivers or operators. Technology developers,
among others, described one scenario in which self-driving trucks are used on
highway portions of long-haul trips. Stakeholders noted this scenario would likely
reduce the number of long-haul truck drivers needed and could decrease wages
because of lower demand for such drivers. In contrast, groups representing truck
drivers, among others, predicted a scenario in which a truck would have an
operator at all times for complex driving and other non-driving tasks, and the
number of drivers or operators would not change as significantly. However,
stakeholders lacked consensus on the potential effect this scenario might have
on wages and driver retention. Most stakeholders said automated trucking could

create new jobs, and that any workforce effects would take time—providing an
opportunity for a federal response, such as any needed policy changes.

GPS (Global Positioning System)
Communicates with satellites to find truck’s
position and aid in navigation and timing

Cameras L J
Send visual information to automated systems -

Accelerometers and gyroscopes
Constantly track the truck’s position and
help improve the accuracy of the GPS —

Radar
Uses pulses of energy to detect and monitor objects

e -
S —

Source: GAO analysis of interviews with technology developers. | GAO-19-161

The Department of Transportation (DOT) is consulting with the Department of
Labor (DOL) to conduct a congressionally-directed analysis of the workforce
impacts of automated trucking by March 2019. As part of this analysis, DOT and
DOL have coordinated to conduct stakeholder outreach. However, they do not
currently plan to convene stakeholders on a regular basis to gather information
because they have focused on completing this analysis first. Continuing to
convene stakeholders could provide the agencies foresight about policy changes
that may be needed to prepare for any workforce effects as this technology
evolves.
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GA@ U.S. GOVERNMENT ACCOUNTABILITY OFFICE

441 G St. N.W.
Washington, DC 20548

March 7, 2019

The Honorable Susan Collins

Chairman

The Honorable Jack Reed

Ranking Member

Subcommittee on Transportation,
Housing and Urban Development
and Related Agencies

Committee on Appropriations

United States Senate

Emerging automated and self-driving vehicle technology has the potential
to change the employment landscape for the commercial motor carrier
industry, including for the nearly 1.9 million people who drive heavy and
tractor-trailer trucks in the United States.! This technology may eventually
create opportunities to decrease the roughly 4,000 traffic fatalities that
involve large trucks annually and may make trucking more efficient, as
well as easier on drivers. However, the prospective deployment of this
technology also raises questions about its future effects on employment
in the industry, including on the numbers of drivers and types of skills that
will be needed to operate and maintain these newer trucks. Recent media
reports have highlighted these questions about the over $700 billion-a-
year U.S. trucking industry, with some reports suggesting large-scale,
imminent job loss. However, addressing these questions entails making
some assumptions both about how the technology might continue to
develop and how, once adopted, it could affect the workforce.

You asked us to examine the potential workforce impacts of automated
trucking technology, and how federal agencies are preparing to assist
workers whose jobs may be affected. This report examines: (1) what is

'As detailed below, this 1.9 million figure includes over 1.7 million heavy and tractor-trailer
truck drivers, as well as approximately 150,000 self-employed truck drivers, such as
owner-operators. The Department of Transportation reported that, in 2016, there were 3.2
million commercial motor vehicle drivers who operated interstate and held commercial
driver’s licenses. These 3.2 million drivers include those who drive tractor-trailer trucks, as
well as drivers of buses and straight trucks. Department of Transportation, Federal Motor
Carrier Safety Administration, 2078 Pocket Guide to Large Truck and Bus Statistics
(Washington, D.C.: August 2018). For the purposes of our report, we focus on the nearly
1.9 million people who drive heavy and tractor-trailer trucks.
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known about how and when automated vehicle technologies could affect
commercial trucks; (2) what is known about how the adoption of
automated trucks could affect the commercial trucking workforce; and (3)
the extent to which the Department of Transportation (DOT) and the
Department of Labor (DOL) are preparing to assist drivers whose jobs
may be affected by automated trucking.?

To describe how and when automated vehicle technologies could affect
the current fleet of commercial trucks, we conducted a review of key
research since 2014 related to automated vehicle technologies for
commercial trucks. We visited California, where we viewed
demonstrations of this emerging technology and interviewed
representatives of one truck manufacturer and four automated truck
technology developers. We selected California because it had the largest
number of these developers that we identified through our research
efforts.® We also interviewed officials from DOT and selected
stakeholders, including researchers; representatives from truck
manufacturers and companies operating their own trucking fleet; and
representatives of national industry organizations and a national safety
organization. The views of the stakeholders we interviewed are illustrative
examples and may not be generalizable. For more information about how
we selected stakeholders, see appendix I.

To describe how the adoption of automated trucks could affect the current
and future trucking workforce, we analyzed 2017 employment level and
wage data from DOL'’s Bureau of Labor Statistics (BLS) and 2017
demographic data from the Census Bureau. Additionally, we reviewed
key research on possible employment effects of automated trucking
technology. We also interviewed organized labor representatives, industry
stakeholders, and representatives of four truck driver training schools. We
selected these schools in part based on recommendations from an
association of truck driver training schools, and included two accredited

2This report uses the phrase “automated trucking” to refer generally to industry
deployment of automated trucking technology.

3In total, we interviewed representatives of five technology developers, including one that
we did not visit in California. In July 2018, Uber Advanced Technologies Group, one of the
five developers we spoke with, announced that it would stop developing automated trucks.
An Uber Advanced Technologies Group representative said the company made the
decision to focus its self-driving development on its primary business of passenger
vehicles before revisiting self-driving truck technology.
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and two nonaccredited schools in our selection.* We interviewed officials
from four local workforce development board as well. We selected three
of these boards due to the prevalence of trucking jobs in their areas and
one board because it was in an area that several stakeholders suggested
could be early to adopt automated trucking technology. In addition, we
interviewed officials from the Departments of Education, Labor,
Transportation, and Veterans Affairs.

To determine the extent to which DOT and DOL are preparing to assist
current and future drivers, we interviewed federal officials, local workforce
development board officials, and representatives from a national
association of state and local workforce organizations. We compared
agencies’ efforts against their strategic plans as well as Standards for
Internal Control in the Federal Government.® Additionally, for all the
objectives, we reviewed relevant federal laws and regulations, as well as
agency documentation. See appendix | for more information on our
objectives, scope, and methodology.

We conducted this performance audit from August 2017 to March 2019 in
accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives.

“The primary purpose of accreditation is to help ensure that schools provide a quality
education to students. Accrediting agencies work with the Department of Education and
states to oversee postsecondary schools participating in federal student aid programs
authorized under Title IV of the Higher Education Act. The Department of Education
certifies schools’ eligibility to participate in federal student aid programs, and recognizes
accrediting agencies it determines to be reliable authorities on assessing academic
quality. See GAO, Higher Education: Expert Views of U.S. Accreditation, GAO-18-5
(Washington, D.C.: December 2017).

5GAO, Standards for Internal Control in the Federal Government, GAO-14-704G
(Washington, D.C.: September 2014).
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Background

Trucking Industry

In 2016, commercial trucks transported about 70 percent of all U.S.
freight, and over 250,000 heavy trucks were sold in the same year.®
These trucks operate within a diverse industry that can be distinguished
in several ways:

o Long-haul vs. local-haul. Long-haul trucking operations are so
named because the drivers frequently drive hundreds of miles for a
single route and can be on the road for days or weeks at a time. For
these operations, freight is usually shipped from a single customer
and may fill an entire trailer by either space or weight. Long-haul
trucking also includes “less-than-truckload” freight shipments, or
freight combined from multiple customers.” In comparison, local-haul
trucking operations may involve delivering packages and shipments
between a customer and a freight company’s drop-off point, where
they are combined with other shipments in preparation to move them
over longer distances. This type of operation also includes local
cement trucks, as well as moving shipping containers at ports and
moving freight a short distance from a train that has transported it
long-distance to near its destination.®

« For-hire vs. private (in-house). Different types of companies—or
carriers—engage in long-haul and local trucking and are known either
as “for-hire” (those that transport goods for others) or “private” (those
that transport their own goods in their own trucks). For instance, J.B.
Hunt is a for-hire carrier that transports goods for clients, while
Walmart is a private carrier that uses its in-house fleet of trucks to

6Department of Transportation, 20718 Pocket Guide to Large Truck and Bus Statistics
(Washington, D.C.: August 2018) and Department of Energy, Oak Ridge National
Laboratory, 2016 Vehicle Technologies Market Report (Oak Ridge, TN: May 2017).

"Parcel delivery services, such as UPS and FedEXx, use a similar process to less-than-
truckload shipments.

8Steve Viscelli, Driverless? Autonomous Trucks and the Future of the American Trucker
(Berkeley, CA.: U.C. Berkeley Center for Labor Research and Education and Working
Partnerships USA, September 2018), accessed September 5, 2018,
http://laborcenter.berkeley.edu/driverless/.
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transport its own goods between its distribution centers and its
stores.®

« Carrier size. In addition, carriers vary in size, with fleets ranging from
one truck to tens of thousands of trucks. For example, a person might
own and drive one for-hire truck; these are known as “owner-
operators.” By contrast, the largest for-hire trucking companies in the
country can have fleets of over 20,000 tractors and even more trailers.

« Operating costs. Driver compensation represents either the largest
or second-largest cost component for truck carriers, depending on the
price of fuel; each typically accounts for about one-third of total
operating costs. Other operating costs include purchasing truck
tractors and trailers, as well as repair and maintenance of the trucks
and trailers, and insurance.

Truck Drivers

BLS data indicate that in 2017, the United States had nearly 1.9 million
truck drivers categorized as “heavy and tractor-trailer truck drivers,” who
operate trucks over 26,000 pounds.'® This category includes many
different kinds of drivers, including long-haul and local-haul, along with
cement or garbage truck drivers and drivers of specialty loads, such as
trucks transporting cars, logs, or livestock."" The number of heavy and
tractor-trailer truck drivers has increased over the last 5 years, from fewer
than 1.6 million in 2012, and is projected to increase to about 2 million
drivers by 2026. The trucking industry has also had high annual driver
turnover, according to industry reports—approaching 100 percent for
large, truckload carriers, though it can be less for small, truckload
carriers.? This turnover includes drivers who move to other carriers and

SWalmart may also use for-hire carriers for some of its shipping needs.

"OThis figure includes approximately 150,000 self-employed truck drivers, such as owner-
operators, which BLS estimates raise the total of heavy and tractor-trailer truck drivers
from over 1.7 million drivers to nearly 1.9 million drivers. The self-employed truck driver
number is from 2016 and the 1.7 million driver number is from 2017.

"BLS has two related categories for drivers: one, “light truck or delivery services” drivers
(nearly 900,000 drivers), who drive light vehicles like a truck or van weighing less than
26,000 pounds and might deliver packages, for example; and two, “driver/sales workers,”
(over 400,000 drivers) such as a pizza delivery driver.

2For example, in the first quarter of 2018, turnover at large fleets was 94 percent, while
the turnover at smaller fleets was 73 percent, according to industry data. Turnover at less-
than-truckload carriers was 10 percent, according to industry data.
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others who leave the field altogether or retire. Some companies that
experience lower turnover rates are able to provide drivers with
predictable schedules and coordinate around the various obligations the
drivers may have. Firms must balance the costs of scheduling drivers to
return home more frequently with the costs of high turnover rates.

Industry reports have noted that companies find it difficult to hire and
retain sufficient numbers of long-haul drivers, even with wages reportedly
rising for many drivers. Heavy and tractor-trailer truck drivers make more
on average—%44,500 in 2017—than other types of drivers, according to
BLS data.'® Many drivers, including most drivers working in long-haul
trucking, are compensated on a per-mile basis rather than a per-hour
basis.' The per-mile rate varies from employer to employer and may
depend on the type of cargo and the experience of the driver.'™ Some
long-haul truck drivers are paid a share of the revenue from shipping.

Truck Driver Training

In order to operate certain commercial vehicles, including heavy trucks
and tractor-trailers, drivers must obtain a state-issued commercial driver’s
license (CDL)."® DOT administers the federal CDL program through the

Federal Motor Carrier Safety Administration by setting federal standards

31n 2017, light truck or delivery services drivers—who drive light trucks within a local
region or urban area—had a mean annual income of $35,610; driver/sales workers’ mean
annual income was $29,090, according to BLS data. Wages for heavy and tractor-trailer
truck drivers have increased from $43,094 in 2012 (adjusted for inflation).

This mileage-based compensation may be complemented by bonuses.

"STruck drivers’ total compensation may also vary depending on whether they are union-
affiliated. For example, truck drivers in unions may also participate in defined benefit
retirement plans. In 2016, over 60,000 workers in the trucking industry, including drivers,
worked in employment covered by the Central States, Southeast and Southwest Areas
Pension Fund, established in 1955 to provide pension benefits to trucking industry
workers. See GAO, Central States Pension Fund: Investment Policy Decisions and
Challenges Facing the Plan, GAO-18-106 (Washington, D.C.: June 4, 2018).

849 C.F.R. § 383.1. Drivers are granted CDLs for the particular classes of vehicles they
drive. Classes of vehicles are defined by type and weight. For example, Class A vehicles
include heavy tractor-trailer trucks; Class B vehicles include school buses and dump
trucks; and Class C vehicles include small passenger buses or small vehicles transporting
specified quantities of hazardous materials. 49 C.F.R. § 383.5. See GAO, Commercial
Driver’s Licensing: Federal Oversight of State Programs Could be Improved, GAO-15-607
(Washington, D.C.: July 15, 2015).
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for knowledge and driving skills tests, among other requirements.”” CDL
applicants must have a state motor vehicle driver’s license and must be at
least 21 years old to operate in interstate commerce."® Prior to receiving a
CDL, applicants must first pass the knowledge test and meet other
federal requirements, after which they are eligible to pursue a commercial
learner’s permit.'® After receiving the learner’s permit, applicants must
wait at least 14 days before taking the skills test.?° During this period,
applicants may train on their own with a CDL holder, with a truck driver
training school—a private school or public program run through a
community college, for example—or with a motor carrier to prepare for
the skills test. Applicants must pass all three parts of the skills test—pre-
trip inspection, basic control skills, and an on-the-road driving test—in the
type of vehicle they intend to operate with their license.?" Apart from the
CDL requirements, some truck driving jobs (such as those that involve
handling hazardous materials) require additional endorsements, and
some employers require on-the-job training.??

DOL and other federal agencies administer programs that can be used to
provide training for truck drivers. For example, DOL administers federal
employment and training programs, such as those funded through the
Workforce Innovation and Opportunity Act (WIOA), which provide training
dollars that can be used by prospective truck drivers, among others.
Likewise, the Department of Education provides federal student aid funds
that can be used at eligible accredited trucking schools, and DOT and the
Department of Veterans Affairs both operate programs that can assist
veterans interested in becoming truck drivers.

749 C.F.R. §§ 383.110, .111, and .113. The Federal Motor Carrier Safety Administration
also establishes processes and regulations for state driver licensing agencies and
oversees state CDL programs. Section 12005 of Commercial Motor Vehicle Safety Act of
1986, Pub. L. No. 99-570, title XII, 100 Stat. 3207, 3207-170(1986), and 49 C.F.R. pts 383
and 384.

849 C.F.R. § 391.11(b)(1), (b)(5).
%49 C.F.R. § 383.25(a)(3).

2049 C.F.R. § 383.25(e).

2149 C.F.R. § 383.113.

2249 C.F.R. § 383.121.
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Federal Regulation of Trucking

Federal regulation of trucking is focused primarily on interstate trucking
activity; states can have separate regulations related to intrastate motor
carriers.?® DOT is the lead federal agency responsible for overall vehicle
safety, including commercial truck safety.?* The agency also regulates
other aspects of commercial trucking, such as the maximum number of
hours truck drivers are allowed to drive.?® For example, under current
hours of service regulations, a truck driver may drive a maximum of 11
total hours within a 14-hour window after coming on duty.? In addition,
DOT regulates CDL standards and the maximum weight of trucks allowed
on the Interstate Highway System, among other things.?” Until recently,
DOT’s National Highway Traffic Safety Administration led automated
vehicles policy with a focus on passenger vehicles. However, DOT’s
October 2018 federal automated vehicles policy was developed by the
Office of the Secretary of Transportation and includes several different
modes of transportation, including automated commercial trucks.?®

2For example, Texas hours of service regulations state that truck drivers engaged in
intrastate commerce in Texas may work a 15-hour shift that includes 12 hours of driving
time before taking a required 8-hour break, which differs from federal hours of service.
Additionally, while federal law requires all states to allow gross vehicle weights of 80,000
pounds on the Interstate Highway System, Michigan has laws allowing for weights greater
than 80,000 pounds on its highway system.

2449 U.S.C. § 31101,
2549 C.F.R. Part 395.
2649 C.F.R. Part 395.
2749 C.F.R. Part 383, 23 U.S.C. § 127.

28DOT has released three versions of its Federal Automated Vehicles Policy, in 2016,
2017, and 2018. Department of Transportation, National Highway Traffic Safety
Administration, Federal Automated Vehicles Policy: Accelerating the Next Revolution in
Roadway Safety (Washington, D.C.: September 2016); Department of Transportation,
National Highway Traffic Safety Administration, Automated Driving Systems 2.0: A Vision
for Safety (Washington, D.C.: September 2017); and Department of Transportation,
Preparing for the Future of Transportation: Automated Vehicles 3.0 (Washington, D.C.:
October 2018).
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Automated Trucks

Automated vehicles can perform certain driving tasks without human
input.?® They encompass diverse automated technologies ranging from
relatively simple driver assistance systems to self-driving vehicles.
Certain automated features, like adaptive cruise control, can adjust
vehicle speed in relation to other objects on the road and are currently
available on various truck models. DOT has adopted a framework for
automated driving developed by the Society of Automotive Engineers
International, which categorizes driving automation into 6 levels (see fig.
1).30

__________________________________________________________________________________________________________________|
Figure 1: Levels of Driving Automation Used by the Department of Transportation

Driver Partial Conditional High Full
assistance automation automation automation automation
Automation
level 0 1 2 B4 5 g
Human driver Automation controls Automation controls Automation performs Automation performs Automation
controls all one vehicle function both steering and all aspects of the all aspects of the performs all aspects
aspects of (steering or speed) speed with the dynamic driving task dynamic driving task of the dynamic
dynamic with the expectation expectation that with the expectation under certain roadway driving task under
driving task that the human the human driver that the human and environmental all roadway and
driver performs all performs all driver will respond conditions, even if a environmental
remaining aspects remaining aspects to a request to human driver does not conditions that can
of the dynamic of the dynamic intervene respond to a request be otherwise
driving task driving task to intervene managed by a

human driver
Source: GAO analysis of U.S. Department of Transportation information. | GAO-19-161

Commercial trucks with Level 0 and 1 technologies, as outlined in figure
1, are already available for private ownership and are currently used on

We have previously reported on developers’ efforts to develop and test automated
vehicles. See GAO, Automated Vehicles: Comprehensive Plan Could Help DOT Address
Challenges, GAO-18-132 (Washington, D.C.: November 30, 2017).

30The Society of Automotive Engineers International is a global association of engineers
and technical experts in the aerospace, automotive, and commercial-vehicle industries.
One of its stated goals is to provide consensus-based standards to advance quality,
safety, and innovation. DOT’s 2016 Federal Automated Vehicles Policy applied to Levels
2 to 5 vehicles and referred to Levels 3 to 5 vehicles as “Highly-Automated Vehicles.” The
2017 A Vision for Safety replaced the Federal Automated Vehicles Policy and focuses on
Levels 3 to 5 vehicles. The 2018 Preparing for the Future of Transportation builds upon
the voluntary guidance in A Vision for Safety, according to DOT, and addresses Levels 1
to 5 automated technologies and vehicles. Throughout this report, we use the term
“automated trucks” to refer to trucks at any level of automation.
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public roadways.3' Level 0 encompasses conventional trucks where a
human driver controls all aspects of driving and technologies can warn
drivers of safety hazards, such as lane departure warning, but do not take
control away from the driver and are not considered automated. Level 1
technologies incorporate automatic control over one major driving
function, such as steering or speed, and examples include adaptive
cruise control and automatic emergency braking.

The Society of Automotive Engineers International categorizes vehicles
with Level 3, 4, and 5 technologies as Automated Driving Systems. At
Level 3, the system can take full control of the vehicle in certain
conditions. However, a human driver must maintain situational awareness
at all times to ensure the vehicle is functioning safely. At Level 4,
automation controls all aspects of driving in certain driving conditions and
environments, such as on highways in good weather. In these particular
driving conditions and environments, a human driver would not be
required to take over the driving task from the automated vehicle and the
system would ensure the vehicle is functioning safely. At Level 5, the
vehicle can operate fully, in any condition or environment, without a
human driver or occupant. There are various automated vehicle
technologies that could help guide a vehicle capable of driving itself,
including cameras and other sensors (see fig. 2).

31Passenger vehicles with Level 2 technologies are already available for private
ownership and currently operate on public roadways. At Level 2, automated systems can
control both steering and lane positioning in certain conditions, though the human driver
must maintain situational awareness to ensure safe functioning.
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Figure 2: Examples of Automated Vehicle Technologies for Commercial Trucks

LIDAR (Light Detection and Ranging) sensors
Use pulses of light to measure distances i ‘

GPS (Global Positioning System) —‘

Communicates with satellites
to find truck’s position and aid
in navigation and timing

Cameras I 4‘ g
Send visual information
to automated systems
Accelerometers
and gyroscopes
Constantly track the truck’s
position and help improve
the accuracy of the GPS .
=
-y —

Radar
Uses pulses of energy to
detect and monitor objects

Source: GAO analysis of interviews with technology developers. | GAO-19-161

Widespread Deployment of Platooning and
Self-Driving Long-Haul Trucks Is Likely Years
Away, and Several Factors Will Affect
Timeframes

Platooning and Self-Driving Trucks Are Being Developed,
Generally for Long-Haul Trucking

According to stakeholders we spoke with and literature we reviewed,
automated trucks, including self-driving trucks, are being developed,
generally for long-haul trucking.®? Specifically, we found there could be
various types of automation for long-haul trucks, including platooning,
self-driving for part of a route, and self-driving for an entire route.

« Platooning. Technology developers and researchers told us there is
ongoing development and testing of truck platoons, which involve one

32We focus on long-haul trucking in our report because stakeholders generally stated that
long-haul trucking would be the first part of the trucking industry to adopt automated
trucks. Automated trucks, including self-driving trucks, might also be developed for use on
local-haul and other routes, such as from a port to a warehouse.
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or more trucks following closely behind a lead truck, linked by
wireless—or vehicle-to-vehicle—communication (see fig. 3).3

Figure 3: lllustration of Commercial Trucks Platooning
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improves fuel efficiency
Source: GAO analysis of stakeholder interviews. | GAO-19-161

In a platoon, the driver in the lead truck controls the braking and
acceleration for all of the connected trucks in the platoon, while the driver
in each following truck controls its own steering.3* Several stakeholders

we interviewed and three studies we reviewed identified potential benefits

33For example, in September 2017, DOT’s Federal Highway Administration and the
Federal Motor Carrier Safety Administration held a demonstration of platooning
technologies on a stretch of highway in Virginia using three heavy trucks.

340ne technology developer we spoke with and two studies we reviewed also described a
version of platooning with a human driver in the lead truck and no human drivers in the
following trucks. Neither the technology developers nor manufacturers we interviewed told
us they were currently developing technologies for this type of truck platoon. Viscell